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ABSTRACT 

STA6SC-1,  a  finita  alaaant  coda,  and  holographic 
intar faroaatry  war*  uaad  to  analyza  tha  af facta  o£  cutout 
oriantation  (0°,  >48°,  -45°  and  90°)  on  tha  firat  fiva 
natural  fraquanciaa  and  aoda  ahapaa  of  a  curvad  Gr-Ep  panal 
Tha  olaapad-olaapad  panala  had  a  quaai- iaotropic  layup  [0, 
-48,  48,  00 ]a  and  aaaaurad  12  inch  high  with  a  12  inch 
chord. 

Whan  tha  finita  alaaant  coda  waa  ooaparad  to  tha  tiaa 
avaragad  holograaa,  tha  two  taohniquaa  ahowad  cloaa 
corral at ion  of  both  tha  natural  fraquanciaa  and  aoda  ahapaa 
It  waa  found  that  tha  0O  outout  oriantation  had  a 
algnificant  affact  on  tha  panal  atiffnaaa  whila  tha  othar 
outout  oriantationa  did  not  advaraaly  affact  tha  atiffnaaa. 
It  waa  alao  found  that  if  a  larga  n unbar  of  alaaanta  in  tha 
finita  alaaant  aaah  ara  oriantad  at  an  angla  othar  than  0° 
or  90°,  than  tha  STA6SC-1  nodal  ia  artificially  atiffanad. 


I.  INTRODUCTION 


Background 

Each  succeeding  generation  of  aircraft  continually 
daaanda  aora  and  aora  froa  tha  atucturaa  and  aatariala  froa 
which  thay  ara  built.  Coapoaita  aatariala  ara  bacoaing  aora 
iaportant  in  aaating  tha  raquiraaanta  for  lightar  waight  and 
highar  atrangth.  Aa  thaaa  daaanda  incraaaa,  it  ia  nacaasary 
to  coaplataly  undaratand  tha  atatic  and  dynaaic 
charactarlatica  of  tha  coapoaita.  Sinca  tha  curved  coapoaita 
aha 11  ia  axtraaaly  applicabla  to  ailitary  aaroapaca 
atructuraa,  tha  likalihood  of  tha  coapoaita  auataining  daaage 
that  auat  ba  rapairad  incraaaaa  a a  aora  and  aora  of  the 
atructura  ia  conatructad  with  coapoaitea.  Tha  dynaaic 
charactarlatica  of  tha  curved  coapoaita  with  a  cutout  auat  be 
fully  undaratood  ao  that  the  coapoaita  ia  proparly  rapairad. 

Nuaaroua  atudiaa  axaaining  aode  ahapaa  and  natural 
frequencies  hava  baan  conducted  with  flat  platea.  In  1970, 
Monahan  [12]  ahowad  the  af facta  of  square  cutouts  on  the  mode 
ahapaa  and  natural  fraquenciea  of  a  clamped  7x10  inch 
rectangular  plate.  Monahan  applied  a  finite  element  program 
to  predict  tha  natural  fraquanciea  and  mode  shapes  of  tha 
flat  plates  and  then  verified  the  results  by  performing 
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holographic  analysis.  In  1076,  Rajaaani  and  Prabhakaran  [9], 
investigated  tha  effects  of  rectangular  cutouts  on  the 
natural  frequencies  of  claaped-c leaped  flat  coaposite  plates. 
By  varying  the  fiber  orientation,  Rajaaani  and  Prabhakaran 
were  able  to  show  that  there  is  a  tendency  for  the  nodes  to 
interchange  or  switch  (syaaetric  to  anti-syaaetric  and  vice 
verse)  with  large  cutouts  for  all  nodulus  ratios  except  for 
unidireotional  Sr— Bp  with  a  fiber  orientation  of  45  degrees. 

In  1966,  Wei ley  [31  showed  the  effects  of  outout  size 
(2x2,  2x4,  4x4  inch)  on  olaaped-o leaped  quesi-isotropio 
curved  Gr-Ep  panels  that  were  12  inohes  high  and  had  a  12 
inch  chord  and  12  inch  radius.  He  deaonstrated  the  tendency 
for  node  shapes  to  switch  for  large  cutouts.  We 1 ley  used 
STA6SC-1  and  holographic  analysis  to  deteraine  the  node 
shapes  and  natural  frequencies. 

A  logical  extension  to  Wei ley's  efforts  is  to 
investigate  the  effects  of  different  outout  orientations  on 
the  natural  frequencies  and  aode  shapes  of  curved  9r-Ep 
panels  and  to  deteraine  if  the  aode  switching  phenoaene  is  a 
property  dependent  on  cutout  orientation. 


Approach 

A  two  part  parallel  effort  was  needed  to  coaplate  this 
testing.  First,  STAGSC-1  (a  finite  eleaent  analysis  prograa) 
was  used  to  deteraine  the  first  five  natural  frequencies  and 
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soda  ahtpu  of  curved  rectangular  Gr-Ep  panala  with  cutouta 
oriented  et  0°,  +46°,  90°,  -45°.  Secondly,  holographic 
interferometry  waa  uaed  to  ooapare  the  reaulta  of  STAGSC-1  to 
the  aotual  panel.  The  ooapariaon  of  theae  reaulta  allowa  an 
evaluation  of  the  effeotiveneaa  and  accuracy  of  STAGSC-1  to 
predict  the  experimental  reaulta. 


STA8S  la  a  atrlu  of  coaputar  prograaa  that  hava  baan 
undar  davalopaant  for  fiftaan  yaara.  STAGS  waa  davalopad  by 


B.  0.  Alaroth,  P.  A.  Brogan,  and  6.  M.  Stanlay  of  tha 
Lookhaad  Palo  Alto  Raaaaroh  Laboratory  for  tha  atructural 
analyst a  of  ganaral  ahalla.  Tha  lataat  varaion,  ST AS SC -1 , 
has  baan  oparatlonal  alnoa  1978  and  la  tha  varaion  uaad  to 
oonduot  tha  analysis  for  this  thaala* 

STASSC-1  la  an  anargy  baaad  flnlta  alaaant  ooda  using 
tha  Klrehoff-Lova  hypothaala  Cl].  Tha  Kirchoff-Lova 
hypothaala  for  ahalla  oan  ba  auaaarlzad  as  follows.  If  tha 
laalnata  la  thin,  a  lina  originally  straight  and 
parpandloular  to  tha  alddla  aurfaoa  of  tha  laalnata  la 
aaauaad  to  raaaln  straight  and  parpandloular  to  tha  alddla 
aurfaoa  whan  tha  laalnata  la  axtandad  and  bant.  Raquirlng 
tha  llna  parpandloular  to  tha  aidaurfaoa  to  raaaln  straight 
and  parpandloular  undar  daforaatlon  la  tha  aquivalant  to 
ignoring  tha  ahaar  strains  in  planas  parpandloular  to  tha 
aidaurfaoa,  or  YxzsVyza0*  whara  z  la  tha  diraction  noraal  to 
tha  aidaurfaoa  In  Pigura  1.  In  addition,  tha  noraala  ara 
praauaad  to  hava  constant  langth  so  that  tha  strain 


perpendicular  to  the  aideurface  ie  ignored  as  well,  or  ez*0 


Figure  1  Geometry  of  Deformation  in  X-Z  Plane. 


Proa  Nawton’a  Sacond  Law  tha  govarning  aquation  of 


motion  can  ba  darivad. 


ZF-Hx(t) 


(1) 


whara  P  ia  tha  ganaralizad  forcaa,  M  ia  tha  maaa  of  tha 
ayataa,  Ji(t)  ia  tha  accalaration.  Por  fraa  vibration, 
thara  ara  no  axtarnally  appliad  forcaa.  Thia  laavaa  tha 
intarnal  damping  forcaa  and  tha  intarnal  alaatio  forcaa. 
Sinoa  thia  ia  a  low  maaa,  high  atiffnaaa  atruotura,  tha 
intarnal  damping  foroaa  ara  naglaotad.  Equation  (1)  raduoaa 
to 


-Kx(t)«Nx(t) 


(2) 


whara  K  ia  tha  alaatio  conatant  and  x(t)  ia  tha 
diaplaoamant.  Equation  (2)  baeomaa  tha  olaaaioal 
diffarantial  aquation  of  motion  for  tha  undampad  fraa 
vibration  oaaa. 


MH<t)+Kx<t>»0 


(3) 


Satisfying  tha  oonditiona  for  a  oonaarvativa  ayataa  in 
aquilibriua,  tha  total  potantial  anargy  auat  ba  stationary 
and  tha  first  variation  of  tha  potantial  anargy  auat  ba 
zaro.  Tha  total  potantial  anargy  of  tha  ayataa  la  tha 
strain  anargy  of  tha  body  ainua  tha  work  dona  on  tha  body  by 
axtamally  appliad  forcaa. 


IT-U-W 


(4) 


whara  II  is  tha  total  potantial  anargy,  U  la  tha  strain 
anargy,  and  W  is  tha  work  dona  on  tha  body.  Tha  aquation  for 
strain  anargy  is  daflnad  as 


M  f  *«****»**,>  dVol 
Voi 


(5) 


As  atatad  bafora,  for  tha  caaa  of  fraa  vibration,  tha  work 
dona  on  tha  body  by  axtarnally  appliad  forcaa  is  aqual  to 


zaro.  Tharafora,  aquation  (4)  raduoaa  and  tha  total 
potantial  anargy  bacoaaas 


1WIW 


n-u 


(6) 


The  governing  kineaatic  relatione  in  STA6SC-1, 
•xpr«Min(  total  atain  aa  a  linaar  variation  of  tha 
exteneional  and  bandi ng  atraina  at  tha  aidaurface,  ara  baaad 
on  Sandar'a  aha 11  aquationa. [23  Tha  laainata  ia  praauaad  to 
eonaiat  of  a  layup  of  perfectly  bondad  laainaa  and  to  ba 
inf initaaaal ly  thin,  aa  wal 1  aa  non-ahaar  deforaeble.  In 
othar  worda,  tha  diaplacaaanta  ara  oontinuoua  aero aa  tha 
laaina  boundariaa  ao  that  no  laaina  oan  alip  relative  to 
another. C3]  Therefore,  tha  aldaurface  atraina  ara  [3] 


and  tha  aidaurfaoa  ourvaturaa  ara 
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Tha  rotations  in  taras  of  displacaaants  arat 


*Se*~ w, 


•y»-W, y+V/R 


•■l/2(V,X“U,y) 


(IS) 


(14) 


(15) 


(Jain*  tha  abova  aquationa  for  aidsurfaca  strain  and 
ourvatura  whila  aaployinff  tha  Kirohoff-Lova  hypothaaia,  tha 
strain  ralationship  for  any  layar  of  tha  laainata  bacoaaa 


*  Ky 
'  Kxy 


(16) 


Applying  tha  orthotropio  constituitiva  aquations*  tha 
strassas  for  tha  layar  of  tha  laainata  bacoaa  C4] 
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Mow,  aubatitutinff  Equation  (16)  into  (17)  glvaa 
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whara  CQJk  ia  tha  tranaforaad  atiffnaaa  matrix. 
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®22 

®26 

016 

028 

066 

whara *  Qx x *0x  xa*+2 ( Q 12+ 2Qqq ) a2n2+Q22n4 
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Sq6* <  Qll-Q22“2Qi2“2Qe6 )n2*2+Q66<  n4+»4 ) 
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hu  taipcnturc  dapandant  propart iaa  and  a  taaparatura 
gradiant  aoroaa  tha  lamina  aximtm  £41.  For  our  caaa  thara 
arc  no  tamparatura  gradiants  in  tha  lamina  minca  tha  panals 
arm  at  room  taaparatura.  Substituting  tha  atrass-strain 
ralationmhipa  of  Equation  (Id)  and  raalizing  that  tha 
tranafomad  raducad  mtiffnaam  matrix  movam  outaida  tha 
intagration  for  aaoh  layar,  Equations  (32)  and  (33)  can  ba 
raducad  to 


(35) 


Sinoa  ajf,  ay,  yXy,  Kx,  Ky,  KXy  ara  not  funotiona  of  z  but 
ara  mid  aurfaca  valuaa,  thay  oan  ba  ramovad  from  tha 
summation  signs.  Equations  (34)  and  (35)  can  ba  writtan  in 


matrix  notation  suoh  that 
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(38) 


(40) 


whara  Ajj  la  tha  axtanalonal  atiffnaaa  aatrix,  Bij  la  tha 
coupling  atiffnaaa  aatrix,  and  Dij  la  tha  banding  atiffnaaa 
aatrix.  Ralating  tha  atraaa  in  tha  atraln  anargy  aquation, 
(6),  to  tha  foroa  and  aoaant  aquationa,  (36)  and  (37), 
raduoaa  tha  atrain  anargy  aquation  to 
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(41) 


axpandlng  to  tha  final  fora  of  tha  anargy  aquation  glvaai 


dA  (42) 


In  this  aaotlon  tha  final  fora  of  bha  anargy  aquation 
for  STAfiSC-1  was  darlvad.  Tha  naxt  aaotlon  will  discuss  tha 
alaaant  foraulation  for  tha  alaaants  usad  In  STA6SC-1. 
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In  order  for  compatibility  to  be  enforced  at  the 
nodee,  the  exaet  and  aeeuaed  dieplaoeaente  auet  aatoh  at  the 
nodee  but  aay  differ  eleewhere  in  the  element.  Thim  ie 
aoooaplimhed  by  interpolation  formulae.  The  interpolation 
formulae  oan  be  ueed  ae  aeeumed  dieplacament  fielde  and 
finite  elemente  oan  be  generated  from  them.  Interpolation 
doee  not  imply  that  nodal  valuee  are  exact.  STAGSC-1  ueee  a 
Hermit ian  Interpolation  in  which  the  dieplacemente  and 
elopee  of  the  end  pointe  of  the  plate  elemente  are  forced  to 
metoh.  Onoe  the  ehepe  funotione  are  evaluated  and  the 
dieplacemente  within  the  element  are  defined,  the  etraine  in 
equation  (42)  oan  be  expreeeed  in  terme  of  nodal 
dieplacemente  ueing  the  etrain-dieplacement  matrix,  B, 


(43) 


e 

K 


C  B  3  <  d  > 


where  d  ie  the  dieplacement  vector  and  B  ie  defined  act 
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■K.x  0  ' 

C  B  3  ■ 

0  M,  y 

.N,y  N, X . 

(44) 


where  N  i a  the  shape  function.  The  strain  energy*  U,  can 
now  be  defined  esi 


U 


■1/2 


(  d  )T  (  ktj  ]  {  d  } 


dA 


(4b) 


where  kij  is  the  elemental  stiffness  eetrix  used  to  fora  the 
global  stiffness  matrix,  Kij. 


C  KiJ  3 


B±S 

DijJ  [  B  ]  dA 


(48) 


Presently  only  a  diagonal  mass  matrix  is  available  in 
STAGSC-1. C2]  This  mass  matrix  is  a  lumped  diagonal  mass 
matrix  with  zaro  rotary  inertia.  A  lumped  mass  matrix  is 
positive  semi-def inite  if  zeros  appear  on  the  diagonal. 
Lumped  mass  aatrioas  are  simpler  to  fora,  ohaapar  to  use  and 
usually  yield  natural  frequenoias  that  are  lass  than  the 
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exect  velues.[13]  Besed  on  the  ebove  assuaptiona ,  the 
problem  rtduots  to  an  eigenvelue  problem  of  the  font 


[t  Kij  ]-X£  Mtj  ]]<x>«0 


(47) 


where  X  ere  the  eigen ve lues  end  represent  the  squere  of  the 
neturel  frequencies  end  <x>  ere  the  eigenvectors.  From 
equetion  (47)  the  eigenvector  is  found  end  describes  the 
reletive  displeceeents  of  the  nodes  to  give  the  mode  shepes. 
Since  the  fore  of  en  eigenvector  is  unique  but  hes  erbitrery 
esplltude,  it  follows  thet  the  node  shepe  is  unique  for  e 
neturel  frequency  but  not  its  eeplitude.  STAGSC-1  utilizes 


the  Inverse  Power  Method  to  solve  equetion  (47). [2] 


With  holography,  on*  racorda  not  the  optically  foraad 
image  of  tha  object  but  tha  object  wava  itaalf . [8]  To 
record  tha  object  wava,  a  coherent  light  source  is  needed. 
The  HeNe  laser  provides  a  coherent  aonochroaatic  light 
source  capable  of  displaying  interference  effects  that  ara 
stable  in  tine.  The  laser  bean  is  split  into  two  beaas  with 
a  bean  splitter.  The  two  beaas  are  called  the  reference 
beea  and  the  object  bean.  Am  shown  in  Figure  7,  the  object 
bees  is  directed  toward  the  panel  fixture  and  is  diffracted 
by  the  panel  before  the  object  wave  is  recorded  by  the 
photographic  plate.  The  reference  wave  reaains  unaltered  as 
it  is  recorded  by  the  plate. 


Beaa  Splitter 

Figure  7.  Holographic  Test  Setup 


Sine*  the  object  end  referenoe  waves  ere  autually 


coherent*  they  will  fora  e  ateble  interference  pattern  or 
field  when  they  eeet  et  the  photographic  plate.  The 
Interference  in  of  two  typee,  constructive  end  destructive. 
In  Pifure  8,  the  oonetruotive  interference  edde  to  the  light 
intenal ty  while  the  deetruotive  interference  decreases  the 
lifht  intensity. 


A 

B 

Sue  of 

A  8  B 


Construe tive 


Deetruotive 


Plgur*  8.  Constructive  8  Deetruotive  Inteference 
Effects  on  Lifht  Intensity. 


This  interference  pattern  fores  fringes  that  ere 
recorded  on  the  photofrephie  plate  end  a  holofraa  is  foraed. 
(Pifure  9)(8]  When  the  holofraa  is  lllualnated  with  the 
orlfinel  or  an  exact  duplicate  of  the  reference  wave  used  to 
reeord  the  holofraa,  e  reconstructed  wave  front  is  foraed 


( Pigure  10)  and  on*  sees  on  :xact  reproduction  of  the 
original  object.  Thie  is  pc^eible  since  the  hologram 
oonsists  of  e  series  of  alternating  oleer  end  opeque  strips 
on  the  photographio. piste.  This  phenosene  is  referred  to  es 
defrection  fret in*. C5] 


Figure  9.  Fringe  P«  tern  Foraetion  on  Plate. 


A  fell*  av«r«(in(  holographic  tachniqua  la  uaad  whan 
eonduetlng  vibration  analyaia.  Tha  panal  la  acouatically 
axoltad  at  lta  natural  fraquancy  and  tha  photographic  plata 
racorda  tha  intarfaranca  pattarn  that  axiatad  for  tha 
axpoaura  parlod.  It  la  iaportant  that  tha  phaaa  diffaranca 
batwaan  tha  two  baaaa  raaain  conatant  during  tha  axpoaura. 
C5]  Tha  photographic  plata  racorda  all  flalda  that  axiatad 
during  tha  axpoaura  tiaa  in  proportion  to  tha  fraction  of 
tlaa  during  which  tha  wava  front  axiatad,  avan  though  tha 
flalda  ara  raconatructad  aiaul tanaoualy  by  tha  rafaranca 


beaa. [7]  The  fri nges  recorded  mm  m  holograa  indicat*  the 
tr«M  of  constant  aaplituda  on  tha  panal  for  that  particular 
•xcitation  frequency. 

The  theory  for  the  analytical  and  experimental 
portions  of  this  thesis  heve  been  discussed.  Next  the  panel 
characteristics*  aeterial  properties  and  how  the  holes  were 


outout  will  be  discussed 


Prior  to  any  analysis  it  is  important  to  astablish  tha 
physical  characteristics  of  tha  object  of  the  analysis. 

Also  it  is  important  to  establish  tha  geometric 
characteristics  of  the  panel  including  a  local  and  global 
axis  system  to  properly  define  the  forces,  moments, 
displacements,  and  rotations. 

The  speoifio  analyses  of  the  fiber  and  resin  used  to 
manufacture  the  panels  are  shown  in  Appendix  D.  The  final 
panel  properties  are  given  below  in  Table  1.  The  panels  are 
made  of  Gr-Ep  Hercules  AS4/3501-6  and  have  a  quasi-isotropic 
ply  layup  of  C  0, -45, +45, 00 


Thara  ara  aight  pliaa  in  tha  layup  and  tha  laainata  varlad 
In  thicknaaa  aa  shown  in  Figuraa  (11.  12,  13,  14,  15). 


.041  .041  .040 


.  040  . 041  . 040 


.040  .041  .041  j 


Figure  15.  Panel  5 


Panel*  1«  2,  3,  4,  and  5  corresponded  bo  the  aolid,  0°,  90°, 
446°,  and  -450  cutouts,  respectively.  The  average  thickness 
used  for  the  anelyticel  results  was  determined  by  seasurlng 
the  thickness  of  the  panel  at  various  stations  and  then 
averaging  the  aeesureeents.  The  average  ply  thickness  was 
obtained  by  dividing  the  average  thickness  by  eight. 

The  overall  diaensions  of  the  panel  are  a  16  inch 
chord,  16  inch  height  and  a  12  inch  radius  of  curvature. 

The  panel  was  painted  with  a  flat  white  paint  on  the 
photographic  aide  to  enhance  the  holographic  iaages.  The 
addition  of  the  paint  to  the  surface  added  less  than  0.0001 
inch  to  the  thickness  and  increased  the  density  by  only 
0.002  lb/in*3.  These  two  saall  increases  were  neglected  in 
the  STAQSC-1  analysis. 
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Tha  fabrication  of  tha  panala  waa  conducted  by 


paraonnal  at  tha  Air  Porca  Plight  Dynaaica  Laboratory.  Th 
panala  wara  cur ad  with  tha  aaaa  apacif icationa  uaad  by 
Wallay  C3).  Tha  cura  oycla  ia  ahown  in  Appandix  A.  Tha 
propartiaa  ahown  in  Tabla  1  and  tha  ply  oriantationa  ara 
input  paraaatara  to  STA6SC-1.  Tha  oriantationa  of  tha  2x4 
inch  outout  ara  baaad  from  tha  abort  aida  (2  inch)  of  tha 
eutout  and  dafinad  in  Pigure  16. 


imw  i  TTwyt'Trj  irw^ wy  1  ' if- 


"*  r  ■  ;'J  *w  ■*»  m  *1 


The  technique  for  cutting  the  rectangular  holaa  in 
Wall ay 'a  thaaia  [153  wee  to  preaa  tha  panel  flat  and  than 
olaap  it  into  poaition  for  cutting.  Thia  procaaa  of 
flattening  can  potentially  cauaa  damage  to  tha  matrix  and 
fibera,  thereby  affecting  tha  overall  atiffnaaa  of  tha 
panel.  By  flattening  tha  panel  prior  to  cutting,  aoma  of 
tha  fibera  (  90°,  46°)  are  placed  in  tanaion.  Whan  tha 
panel  ia  out,  aoma  looal  relief  in  tanaion  at  tha  cut 
boundary  edge  will  occur.  Thia  waa  documented  by  Tialar 
[17].  Ha  ahowad  that  tha  internal  atraaa  in  tha  panel  la 
partially  relieved  whan  there  ia  a  cutout.  While  tha 
magnitude  of  thia  ia  not  paramount  for  free  vibration 
atudiaa,  every  effort  ahould  be  made  to  minimize  damage  to 
tha  panel. 

In  order  to  improve  tha  quality  of  tha  hole  cut  in  a 
curved  panel  a  cutting  fixture  and  Jig  ware  daaignad  and 
uaad.  Certain  daalgn  conatrainta  ware  neceaaary.  Pirat, 
tha  daalgn  muat  be  aimpla  to  uae  and  manufacture.  Second, 
tha  outting  fixture  muat  be  reuaable  for  tha  different 
outout  orlantationa.  Third,  cutting  vibrationa  ahould  be 
held  to  a  minimum  to  prevent  tool  chatter.  Fourth,  fraying 
at  tha  outout  edge  muat  be  minimized.  Fifth,  tha  cutting 
blade  muat  alwaya  be  perpendicular  to  tha  cutting  aurfaca  aa 
it  travaraaa  tha  panel.  Tha  raaulta  of  thaaa  daalgn 
conatrainta  are  evident  in  Figure  (17).  Tha  maple  hardwood 
baaa  para 1 tad  aaay  mounting  to  the  banoh.  Tha  radlua  of 
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they  art  strapped  down  radially  across  tha  mount  to  pravant 
movement.  Tha  cutting  is  achieved  with  2  hp  router  and  a 
0.260  inch  diameter  carbide  bit.  Attached  to  the  base  plate 
of  the  router  was  a  plastic  mount  with  a  radius  of  curvature 
equal  to  the  outer  radius  of  the  steel  template.  Figure 
(18)  The  plastic  base  plate  had  a  two-fold  purpose.  The 
first,  to  keep  the  bit  perpendicular  to  the  surface  at  all 
tines.  Second,  it  provided  a  self-lubricating  contact 
surface  on  the  steel  template  for  ease  of  operation. 


Router  Mounts  Here 


The  depth  of  the  outout  wee  eet  eo  that  the  eheft  of 
the  bit  reeted  against  the  eteel  template  and  the  cutting 
blade  wee  plunged  froa  the  top  layer  of  fiberglaee  into  the 
rubber.  Notet  the  area  immediately  below  the  outout  on  the 
maple  baee  had  been  routed  out  for  bit  claaranoe.  Once  this 
wee  oompleted  the  next  step  was  to  trim  the  outer  edges  of 
the  6r-Ep  panel.  To  do  this,  the  holding  straps  had  to  be 
removed.  To  hold  the  fixture  in  place  and  hold  the  panels 
securely,  a  oenter  bolt  and  hold  down  plate  were  inserted 
into  the  fixture.  With  the  hold  down  plate  in  position  the 
straps  are  removed  and  the  outer  edge  of  the  steel  template 
wes  used  as  a  guide  for  the  outer  edge  trimming. 

This  setup  produced  an  excellent  edge  and  would  be 
quite  adaptable  to  any  other  internal  and  external 
geometries.  This  was  evident  by  the  precision  of  the  out 
made  in  the  panels.  The  tolerance  was  held  to  to. 005  inch. 
This  was  possible  only  through  the  use  of  the  steel 
template. 

The  panel  oharaoteristios  have  been  totally 
quantified.  The  next  section  will  disouss  the  finite 
element  analysis  and  how  the  panels  were  modelled  using 


STAGSC-1 . 


For  the  total  rotation  batwaan  tha  two  alaaanta  to  ba 


zaro  tha  rotationa  auat  ba  refered  to  a  ooaaon  coordinata 
ayataa.  Now  tha  coaponanta  of  tha  y  and  z  rotationa  can  ba 
addad  to  anforca  rotational  coapatibi lity .  Froa  Figure  19 
thia  iapliaat 


<0yl“0y2)coa<a/2)  -  ( 0*l+0z2 >»in( a/2)  ■  0  (49) 

<0z1  -Br.9>)oomia/2)  *  (0yi+0y2)«in(a/2)  *  0  (80) 


whara  0zi  and  0Z2  raapactivaly  tha  rotationa  of  alaaant 

1  and  alaaant  2  about  tha  z  axia,  0yi  and  9yg  ara 
raapactivaly  tha  rotationa  of  alaaant  1  and  alaaant  2  about 
tha  y  axia,  and  a  ia  tha  angla  batwaan  tha  adjacent 
alaaanta.  Whan  flat  alaaanta  aaat  at  an  angla  it  ia 
naoaaaary  to  introduce  tha  noraal  rotation,  0Z,  aa  a  fraadoa 
of  tha  ayataa.  Since  tha  noraal  rotationa  do  not  appear  in 
tha  atrain  energy  expreaaion,  tha  ayataa  of  equationa 
becoaea  incraaaingly  ill-conditioned  aa  tha  angla  batwaan 
tha  planaa  of  adjacant  alaaanta  bacoaaa  aaaller.  STA6SC-1 
dafinaa  a  aaall  liait  aQ  and  if  a<a0  the  noraal  rotation  0Z 
ia  ignored  and  aa  an  approxiaation  tha  conforaity  conatraint 


bacoaaa  C18] 


0y2“3yl 


(51) 


Another  problem  with  flat  elements  when  they  are  used  to 
aodel  curved  surfaces  is  interel ament  displacement 
compatibility.  The  in-plane  displacements  u  and  v  are  first 
order  and  the  bending  strains  have  second  order  derivatives. 
Consequently,  w  is  represented  by  higher  order  than  u  and  v. 
In  STAGSC-1,  w  is  cubic  with  u  and  v  being  linear  or 
quadratic  within  the  element. CIS]  Along  the  entire  boundary 
of  two  adjacent  elements,  displacement  compatibility 
requires: 


( vi-v2)cos<a/2)  -  ( w1+w2)*in(a/2)  ■  0  (52) 

( wi~W2)cos(a/2)  +  ( vi+V2 )sin( a/2 )  *  0  (63) 


where  w^  and  W2  are  the  displacements  in  the  z  direction  and 
vx  and  V2  are  the  displ acements  in  the  y  direction  for 
element  1  and  element  2  respectively.  It  is  obvious  that 
for  equations  (52)  and  (53)  to  hold,  v  and  w  must  be  of  the 
same  order.  Displacement  compatibility  is  enforced  in 
STAGSC-1  with  a  cubic  representing  w  and  third  order 


the  boundaries  end  lupprusaa  ahaar  strain  at  the  corner 


node*.  This  element  wee  used  exclusively  for  the  solid,  0 
degree  end  90  degree  penels.  These  panels  are  discussed 
further  in  Panel  Modelling  and  Section  VI. 

The  420  quedri lateral  element.  Figure  23,  is  formed 
using  two  320  elements  and  has  25  DOF.  The  422 
quadrilateral  element.  Figure  24,  is  formed  using  two  322 
elements  end  has  35  DOF.  The  results  using  this  element  ar 
discussed  in  later  sections. 


Piml..  Modeling 

The  penels  were  modelled  on  STA6SC-1  using  two 
techniques.  The  first,  with  e  STAGSC-1  generated  gridt 
second,  a  user  generated  grid. 


Tbm  Solid.  0°  ft.  80°  EmxxmIm 
The  solid  panel  was  modelled  using  the  410  element 
(Figure  22).  The  reason  for  selecting  this  element  was 
based  on  the  extensive  convergence  study  conducted  by 
WelleyO].  His  convergence  study  for  the  different  element 
was  oonduoted  using  a  25  x  25  grid  (see  Figure  25)  on  the 
VAX  11-785.  The  411  element  (see  Figure  22A)  yielded  a 
fundamental  frequency  of  504  Hz  in  5844  epu  seconds  while 
the  410  element  gave  a  fundamental  frequency  of  506  Hz  in 


3019  cpu  seconds  [3].  The  410  element  converged  nearly 


twice  as  fast  as  the  411  element  suggesting  that  in  this 


case  the  higher  order  displacement  fields  yield  a  marginal 
increase  in  accuracy  for  a  substantial  increase  in  computer 


time  C3].  Since  this  vibration  problem  has  primarily  out  of 


plane  displacements  because  of  the  clamped-c lamped  boundary 


conditions,  the  addition  of  in-plane  corner  node  rotations 


of  the  411  element  adds  little  to  the  solution. 
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Figure  25  Solid  Panel  25  x  25  Mesh 


STAGSC-1  has  the  capability  to  automatically  generate 
a  mash  onca  tha  gaoaatric  constraints  ara  identified.  The 
autoaatic  grid  generator  was  used  to  generate  the  aeshes  for 
the  solid,  0°  and  90°  panels.  As  shown  in  Appendix  B,  tha 
input  deck  is  fairly  straight  forward  to  create  a  nodal  of  a 
curved  composite  panel  with  and  without  a  cutout. 

As  with  the  solid  panel,  the  410  element  and  tha  25  x 
25  grid  was  used  to  model  the  0°  and  90°  panels.  The  grid, 
with  cutouts,  was  automatically  generated  by  STAGSC-1.  (See 
Appendix  B)  For  a  square  cutout,  the  corner  nodes  are 
identified  by  row  and  column  and  then  input  to  STAGSC-1. 


IlUL-tafiS  &  -lfi°  Pane  la 

The  450  panels  presented  a  unique  problem  in  modelling 
on  STAGSC-1.  There  was  no  apparent  capability  in  STAGSC-1 
to  automatically  generate  a  grid  with  this  cutout 
orientation.  (If  there  was  a  capability  to  do  this  in 
STAGSC-1  it  was  not  readily  apparent  in  the  User’s  guide.) 
Therefore,  a  FORTRAN  program  was  required  that  calculated 
the  node  points  in  global  coordinates,  determined 
connectivity,  and  output  the  results  in  STAGSC-1  input 
format.  While  this  was  at  times,  time  consuming,  tha 
programs  to  do  this  were  not  difficult  to  write.  Several 


different  meshes  were  generated  using  this  method  and  are 


diacuaaad  in  Saction  VI.  Whan  craating  a  uaar  ganaratad 
grid,  it  ia  important  to  input  tha  propar  oriantaion  of  tha 
alaaant  in  looal  coordinataa  ao  tha  oriantation  can  ba 
rafarrad  baok  to  global  coordinataa.  Failura  to  do  ao  can 


raault  in  an  ineorract  matarial  modal. 


The  teat  fixture  uaed  for  thia  experiaent  waa  tha  aaaa 
fixtura  uaad  by  Wallay  [3].  Thia  paraittad  varification  of 
fcha  raaulta  Wallay  obtained  on  hla  aolid  panal  and  0  degree 
cutout  panal.  It  alao  provldad  a  coat  affactlva  aathod  of 
continuing  thia  atudy  without  having  to  aaohina  a  naw 
fixtura.  Tha  taat  fixtura  ia  capabla  of  aiaultanaoualy 
olaaping  all  four  adgaa  of  tha  ourvad  panala.  Sinoa  tha 
holography  tachniqua  ia  capabla  of  datacting  rigid  body 
notion  of  tha  fixtura  dua  to  tharaal  affacta  or  ground 
vibrationa,  tha  fixtura  had  to  raaain  atabla  ovar  tha 
daairad  fraquancy  ranga  and  not  raapond  quickly  to 
taaparatura  ohangaa  in  tha  taat  rooa. 

To  aatiaify  thaaa  raquiraaanta,  tha  fixtura  waa  aada 
froa  ataal  and  waa  daalgnad  to  provlda  a  two  inch  olaaping 
aurfaca  on  aaoh  adga.  Tha  vartioal  olaapa  wara  conatruotad 
(Pigura  28)  froa  12  inch  aaotiona  of  4x4  inch  bar  atock.  A 
2  1/8  x  1  1/2  inch  alot  waa  ail  lad  froa  ona  faca  of  aaoh  bar 
to  fora  a  U  ahapad  atructura.  Two  alternating  rowa  of  1/4 
inoh  holaa  wara  drilled  and  tapped  along  aaoh  aide  for  Allan 


head  bolta. 


Figure  26A  Teat  Fixture 
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Thaaa  bolta  wara  tightanad  againat  1/2  x  2  x  12  inch 
flat  rods  placad  on  aaoh  aids  of  tha  Sr-Ep  panal,  thus 
providing  a  aacura  olaap.  To  pravant  lataral  notion, 
anallar  U  ahapad  olanpa  wara  i natal  lad  on  tha  opan  faoa  of 
tha  vartical  olanpa.  A  ourvad  1  1/4  inch  wida  by  2  1/8  inch 
daap  path  with  an  outar  radiua  of  12  inchaa  waa  nil lad  froa 
a  22  x  10  x  9  inoh  ataal  bar.  Tha  12  inch  outar  radiua 
natohad  that  of  tha  panala.  A  aat  of  0  ourvad  blocka,  1 
inoh  thick  by  2  inchaa  high  by  1  3/4  inohaa  chord  wara 
nil lad  to  natch  tha  lnnar  radiua  of  tha  panala.  In  ordar  to 
taka  up  any  inaccuraolaa  in  tha  nachinlng  of  tha  blocka  and 
to  avanly  diatributa  tha  olanplng  forca,  a  40  ail  aluainun 
buahing  waa  addad.  Holaa  wara  drlllad  and  tappad  radially 
on  tha  innar  radiua  of  tha  horizontal  aactlona  of  tha 
flxtura  for  tha  olaaping  bolta.  Four  1/2  inch  roda  wara 
addad  to  provlda  atruotural  lntagrity  and  act  aa  aaaanbly 
alda  whan  ohanglng  tha  panala.  Whan  aaaanbling  tha  flxtura, 
tha  two  vartical  olanpa  and  botton  aaotion  wara  joinad  and 
tha  panal  lnaartad  batwaan  tha  olaaping  aurfacaa.  Tha  top 
olaap  waa  than  inatallad  and  tha  radial  olanplng  blocka  wara 
lnaartad  fron  tha  ooncava  aida.  Each  olaaping  bolt  waa 
tlghtanad  to  3  ft-lb.  At  thia  olanplng  praaaura  tha 
holograna  ahowad  that  tha  panala  wara  fully  claapad  ainca  no 
nodal  linaa  want  to  tha  boundariaa. 
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Off-the-ahelf  equipment  was  uaad  in  thia  experiment. 


(An  equipment  Hat  ia  provldad  in  Appandix  E).  Tha  laaar 
waa  aountad  to  an  iaolation  tab la  which  had  tha  optical 
aatup  ahown  in  Figure  28.  To  axpand  tha  laaar  baaa  ao  that 
tha  antira  panal  waa  illuminated,  20  x  aicroacopa  objactivaa 
wara  uaad.  In  ordar  to  aliainata  tha  poaaibility  of  duat 
cauaing  rafractiva  fringea,  pinhola  apatial  filtara  wara 
placad  in  aarlaa  with  tha  aioroacopa  objactivaa. 

Raal  tiaa  holographic  intar ferometry  waa  uaad  to 
dataraina  tha  natural  fraquanciaa  and  noda  ahapaa  of  all  tha 
panala  taatad.  For  coaplata  dataila  of  tha  atep-by-atep 
procaduraa  for  taking  a  hologram  aaa  Appandix  C.  For  tha 
majority  of  tha  taating,  two  homa  wara  uaad  to  axoita  tha 
panala.  Whan  two  homa  wara  uaad,  thay  wara  aithar  placad 
in-phaaa  or  180  dagraaa  out  of  phaaa  dapanding  on  whathar 
tha  moda  ahapa  waa  aymaatrio  or  antl~aymaetric  raapactivaly. 
On  panala  4  and  5  (+/-  46  dagraa  outout)  ona  horn  waa  uaad 
to  axoita  tha  fourth  moda.  Excapt  for  tha  ralativa 
amplitude  of  tha  moda  ahapa,  tha  poaitioning  of  tha  horna  at 
varioua  locationa  around  tha  concava  aida  had  little  affect. 

While  tha  panala  wara  being  excited  by  tha  horna, 
aubharmonica  wara  chaokad  for  by  an  optical  diaplacement 
mater  poaitioned  near  tha  aurfaoa  of  tha  concava  aida  of  tha 
panal.  (Saa  Figure  27  for  tha  equipment  configuration  to 


HeNe  Laser 
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This  chapter  ia  dividad  into  aix  aactiona,  tha  raaulta 
for  tha  aolid,  0°,  80°,  >46°  and  -46°  panala  and  a 
diacuaaion  on  tha  effecta  of  tha  cutouta.  Sinca  no  cloaad 
fora  aolutlon  ia  aval labia  and  a  nuaarical  approximation  waa 
uaad  to  aolva  for  tha  natural  fraquanciaa  and  moda  ahapea, 
tha  arrora  in  tha  axparlaantal  raaulta  can  vary  both 
poaltivaly  and  negatively  froa  tha  nuaarical  approxiaationa. 

Tha  axpariaantal  tachniqua  uaad  in  finding  tha  natural 
fraquanciaa  for  all  of  tha  panala  involvad  acanning  tha 
fraquancy  apactrua  froa  zaro  Hartz  to  tha  fifth  natural 
fraquancy  whila  obaarving  tha  trtngm  pattarna  on  tha 
holographic  atill.  Whanavar  a  natural  fraquancy  waa 
ancountarad  during  tha  aoanning,  a  wall  dafinad  aoda  ahapa 
appaarad  on  tha  holographic  atill  of  tha  panel.  Tha 
fraquancy  waa  notad  and  upward  aoanning  continued  until  all 
fiva  natural  fraquanciaa  warm  found.  Than  tha  procedure  waa 
ravaraad  and  tha  natural  fraquanciaa  war a  found  by  downward 
acanning.  Rarely  would  tha  natural  fraquanciaa  ba  exactly 
tha  aaaa  for  tha  upward  and  downward  icana,  but  tha 
dlffaranca  waa  never  aora  than  4.5  Hz.  Whan  real  tine 
holograaa  ware  taken  tha  fraquancy  waa  aaauaad  to  split 


thaaa  bounda 


Excitation  wax  provided  by  a  dual  horn  arrangeaent  in 
nearly  every  ca am.  (Sea  Figure  28)  The  phaee  of  one  horn 
would  be  changed  by  180® ,  ao  that  the  horna  ware  out  of 
phaee,  in  order  to  inteneify  the  antiayaaetrlc  excitation  of 
the  panele.  The  antieyaaetric  node  (2  &  4)  of  the  +/-48° 
panele  wee  beet  accoapliehed  by  the  uee  of  a  aingle  horn 
centered  on  the  lower  edge  of  the  cutout.  The  reaaon  for 
ueing  the  eingle  horn  arrangeaent  can  be  explained  by 
coaparing  the  orientation  of  the  cutout  and  the  horn 
looatione  relative  to  the  cutout.  With  the  -45°  panel,  the 
two  horna  were  located  alaoet  axactly  at  aach  end  of  the 
cutout  along  the  two  inch  edge.  Switching  the  horna  ao  they 
were  aligned  along  the  four  inch  edge  did  not  atrengthen  the 
clarity  of  the  antiayaaetrlc  aodea. 

When  coaparing  the  aode  ahapee  froa  STA8SC-1  and  the 
holograaa,  the  white  areaa  of  both  repreaent  regiona  of 
oonatant  aaplitude  while  the  dark  linea  repreaent  conatant 
diaplaceaent  frlngea. 
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The  experlaental  and  analytical  reaulta  of  the  aolid 
panel  are  ahown  in  Table  2,  along  with  a  coaparlaon  of  the 


Table  2.  Solid  Panel  Rasul ta 


Hod* 


Natural  Frequencies,  Hz 
STAfiSC-1  Experiment  Exoai 


2t  Error# 


806 

616 

628 

-1.9 

624 

827 

834 

-0.6 

693 

716 

724 

-3.2 

703 

731 

736 

-3.8 

770 

840 

862 

-8.3 

*  Results  from  Wei  ley [3] 

#  %  error  between  STAGSC-1  and  this  experiment 


Any  difference  between  the  experimental  results  of 
Walley  and  the  results  presented  here  could  be  explained  by 
any  variations  in  the  lot  to  lot  manufacture  of  the 
oompoaite  panels.  The  STAGSC-1  analysis  was  accomplishad 
with  a  28  x  26  mesh  using  the  automatic  grid  ganarator,  as 
shown  in  Figure  28.  The  holograms  and  STAGSC-1  mode  shapes 
are  oompared  in  Figures  29-33. 

Comparing  Figures  31  and  32  it  is  avldant  that  there 
is  biasing  toward  tha  -48°  ply  of  approximately  five 
degrees.  The  -46°  ply  represents  the  outermost  ply  of  the 
46  degree  plies.  This  conflicts  with  the  results  from 
Walley.  In  his  report,  he  documented  a  bias  toward  the  +46° 


ply.  Thle  immediately  indicatee  that  there  ie  a  difference 
between  the  ply  layupe  ueed  for  hie  panele  and  the  onee 


teeted  here.  Converstione  with  Walley  CIS]  indicated  that 
he  had  no  written  documentation  of  the  exaot  ply  orientation 
from  the  manufaoturer  of  hie  panele,  but  wee  verbally  given 
the  ply  orientatione.  The  ply  layup  for  thie  experiment  ie 
regarded  ae  known  with  total  oertainty.  Since  both 
experimente  indicate  a  biae  along  one  or  the  other  45°  ply, 
a  computer  run  ueing  STA6SC-1  with  the  ply  layup  changed  to 
C0/45/-45/90]*  ehould  olarify  any  differenoee  between  the 
two  reeulte.  Figure  34  and  Figure  35,  which  oorreepond  to 
mode  3  and  mode  4  of  the  C0/45/-46/90]a  analyeie,  agree 
exactly  with  Walley'e  reeulte  and  indicate  that  a  different 
ply  layup  than  originally  documented. 


Figure  31  Solid  Panel — Mode  3 
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Figure  32  Solid  Panel — Mode  4 


The  experimental  end  enelyticel  reaulte  of  the  0° 


panel  ere  ehown  in  Table  3,  along  with  e  comparison  of  the 
reaulte  by  Wei  ley. 


Table  3.  0°  Panel  Reaulte 


Natural  Frequenciea,  Hz 


Mode 

STASSC-1 

R«d*p1 aanfe 

ExMPlaant* 

X  Eppop* 

1 

454 

440 

410 

♦3.2 

2 

506 

466 

460 

♦  10.6 

3 

562 

677 

670 

-2.6 

4 

601 

656 

870 

-3.7 

5 

703 

768 

714 

-8.2 

*  Reaulte 

from  Walley[3] 

•  X  error 

between  STAOSC-l  and  thla 

experiment 

The  grid  uaed  in  the  enelyticel  enelyaia  wee  e  25  x  25 
aeeh  with  e  cutout  thet  wee  genereted  by  the  automatic  grid 
generator,  aa  ehown  in  Figure  36. 


□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□  □□□□□□□□□□ 

□□□□□□□□□□■  □□□□□□□□□□ 

□□□□□□□□□□  □□□□□□□□□□ 

□□□□□□□□□□  □□□□□□□□□□ 

□□□□□□□□□□  □□□□□□□□□□ 

□□□□□□□□□a  □□□□□□□□□□ 

□□□□□□□□□a  □□□□□□□□□□ 

□□□□□□□□□a  □□□□□□□□□□ 

□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□a 
□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□a 
□□□□□□□□□□□□□□□□□□□□□□□a 
□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□□□ 


Figure  36  0°  Panel  25  x  25  Hash  With  Cutout 


The  holograms  and  STASSC-1  mode  shapes  are  compared  in 


Figures  37-41.  The  tilting  of  the  antinode  regions  is  only 
descernable  for  mode  4  in  Figure  40.  There  is  an  11. 3% 


reduction  in  the  fundamental  frequency  from  the  solid  panel. 


This  shows  that  the  cutout  at  this  orientation  signif icantly 


reduces  the  stiffness  of  the  panel. 


vv 


Fiffur*  40  0°  P*n«l — Mod*  4 
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Tha  experimental  and  analytical  raaulta  of  tha  90° 


panel  ara  shown  in  Table  4. 


Table  4.  90°  Panel  Results 


natural  Frequencies,  Hz 


Mode 

STASSC-1 

BABTlltat 

%  Error 

1 

514 

627* 

-2.5 

2 

625 

498* 

♦6.8 

a 

832 

808 

♦3.9 

4 

876 

706 

-4.3 

6 

888 

731 

-8.2 

*  Node  Switch 


The  90^  panel  was  nodal  lad  analytically  using  a  25  x 
20  aesh  with  a  cutout  fron  the  autoaatic  grid  generator,  as 
shown  in  Figure  42.  Overall  thera  is  very  good  correlation 
between  the  experiaental  and  analytical  data  for  this  panel 
There  was  no  avidenca  of  any  bias  in  tha  antinode  regions. 
It  seeas  that  STA6SC-1  consistently  overestimates  the 
fundamental  frequency  and  tends  to  under  estimate  the  highe 


natural  fraquanciaa  for  thoaa  panala  with  a  cutout.  Tha 
holographic  raaulta  ara  coaparad  to  tha  analytical  raaulta 
in  Pifuraa  43-47. 


□□GCCCCCCCCCGCCCGGCGC 

GnGCCCCCCCGCCGGGCGCCC 

□□GCQGGCCGGCCGGCCGGGC 

□□GCGGCCCGGGnGGCGGCGC 

□□□GaGGCGGGGGGGGCGCGG 

CGGCaaCCCGGGCCCCCCCGC 
CGGGGGCGGGaGGGGGCGCGC 
GGCGGGCGCGaGCGGGCGGGC 
GGGCGGGGGGaCCGCGGGCGG 
CnaCGGGGGGGCCGCGCGGGG 
GGGCGGGG  CGCCC 

“  '  ■  »  ■  ■  ' ■  -  t  •  ■  .  .  m  i  1  l  J  L  ■  L. 

GGGGGGGG  CGCGG 

-GGCCGGCCCGGGCGCGCGCG 
G G GG CGCGG GCCC GGGGGGGG 
l-CGCGGGlG^G_lGGllGuGG 
GGGCCCGCGGGGGGGGGGGGC 

-G-.GG.jGi_ _ GG--C-G-  GGG 

GGGGGCGGGGGGGGG^GG^^G 
GGGGGGGG GGGGGGGGGGGGG 

GGGGG  GuGGGG _ GG; _ Gi_GC 

CGCGG CGCCCnCCCGCCGCCG 


Figura  42  00°  Panal  —  25  x  25  Hash 
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Coaparlng  tha  raaulta  shown  in  figuraa  43  and  44  thara 


la  a  aoda  aw itch  that  took  placa  during  tha  axpariaantal 
ana ly ala.  Whan  thia  waa  anoountarad,  tha  boundary 
oonditlona  iaaadiataly  baoaaa  auapaot  ainoa  STA6SC-1  haa 
"parfaot”  boundary  oonditlona  whila  tha  taat  flxtura  doaa  a 
baat  approxiaation  of  olaapad-olaapad  boundary  oonditlona. 
Tharafora,  all  olaaplng  aorawa  wara  ohackad  for  propar 
tlghtnaaa  and  only  two  wara  found  to  ba  undar  tha  3  ft- lb 
raqulraaant.  Tha  axparlaant  waa  rapaatad  with  no  changa  in 
maul ta.  Tha  panal  waa  than  raaovad  froa  tha  taat  flxtura 
and  raaountad.  Tha  holographic  taating  waa  rapaatad  with 
only  a  vary  a light  changa  in  tha  valuaa  for  tha  natural 
Iraquanoiaa  but  tha  aoda  awitoh  waa  atill  praaant.  I  do  not 
know  why  STAGSC-1  failad  to  pradict  tha  propar  aoda  ahapa  in 
thia  oaaa.  T..a  pacul larltlaa  of  tha  raaulta  ahould  not 
praoluda  thia  data  froa  baing  uaad  ainca  aoda  awltching  haa 
baan  docuaantad  for  flat  plataa  C83  and  for  curvad  panala 
with  larga  cutouta  [33.  Thia  phanoaanon  ia  diacuaaad  in 
graatar  datail  in  tha  cutout  affacta  aaction. 


The  node 1  ling  of  the  ♦/-  46°  panala  waa  quita 


lntaraati ng,  aapaoial ly  whan  detaralning  the  aaah  layout. 

Tha  approaoh  that  waa  takan  waa  to  oraata  a  aaah  that  would 
faoilltate  tha  raaoval  of  both  tha  +45°  and  -4fiO  outouta, 
yat  whan  allowad  to  aodal  a  aolld  panal,  would  ooapara 
favorably  with  tha  raaulta  obtalnad  for  tha  autoaatlo  grid 
generated  aolld  panal  diaouaaad  pravioualy.  A a  a  raault  of 
thia  philoaophy,  tha  aaah  that  waa  ganaratad  waa  a  45°  aaah, 
mm  ahown  in  Plgura  48.  Tha  aaah  ganaratad  for  tha  aolld 
panal  by  STASSC-1  In  tha  pravioua  aaotiona  will  ba  rafarrad 
to  aa  tha  0°  aaah.  Tha  46°  aaah  oraatad  in  Pigura  48  had  68 
triangular  alaaanta  and  544  quadrll atara 1  alaaanta  with  613 
nodaa.  Tha  flrat  run  with  thia  configuration  had  3342 
aotlva  OOP  uaing  tha  STA6SC-1  320  and  410  alaaanta.  Tha 
raaulta  of  tha  45°  aaah  ara  coaparad  to  tha  0°  aaah  in  Tab la 
5.  Coaparlng  tha  raaulta  for  tha  two  aaahaa,  it  waa  fait 
that  tha  dlffaranca  batwaan  thaa  waa  auoh  too  larga.  Tha 
flrat  atap  takan  to  raaolva  thia  waa  to  inoraaaa  tha  OOP  by 
ohooalng  a  highar  ordar  alaaant  auch  aa  tha  420 
quadrl lataral  alaaant  ahown  in  Flgura  23.  Thia  change  waa 
eaally  aada  in  tha  STA6SC-1  input  deck. 
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Fi|ur«  48  46°  Hash 


Tab la  S  45°  Mash  320-410  Elaaants 


Natural  Fraquancy,  Hz 
0°  Hash  lfi.°_Jlflflh 
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Tab la  8  46©  Haah  320-420  Elaaanta 


Natural 

Fraquancy,  Hz 

Hods 

0®  Haah 

480  Mash 

X  Diffaranoi 

1 

606 

873 

11.7 

2 

624 

802 

13.0 

3 

883 

812 

14.7 

4 

703 

860 

18.3 

6 

770 

860 

18.0 

Ona  raaaon  for  tha  dlvarfanoa  oan  probably  ba  attributad  to 
tha  320  alaaant.  Aa  shown  in  Pleura  20,  tha  320  alaaant 
doaa  not  hava  an  out  of  plana  rotation  aa  a  dafraa  of 
fraadoa  and  alnoa  thia  vibration  problaa  la  primarily  an  out 
of  plana  problaa,  thia  oould  lntroduoa  arror.  Although  tha 
aodal  waa  too  at iff  with  tha  320  and  420  alaaanta  tha  aoda 
ahapaa  coaparad  nioaly  with  tha  aoda  ahapaa  of  tha  0°  aaah. 

A  aaah  waa  ganaratad  conaiating  antiraly  of  322-422  alaaanta 
at  thia  point.  Tha  raaulta  of  thia  run  art  not  aval labia 
alnoa  tha  run  axcaadad  aaaory  availability  on  tha  VAX  11- 
786.  At  tha  point  of  taraination,  tha  program  had  baan 
axaoutlng  in  axcaaa  of  6000  epu  aaconda  and  convarganca  waa 
atill  not  raachad.  At  thia  point  a  naw  approach  and 
analyaia  had  to  ba  takan. 

Thara  appaarad  to  ba  an  artificial  atiffnaaa  baing 
lnoorporatad  into  tha  aaah  dua  to  ita  alaaantal 
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configuration.  Cook  [13]  atataa  that  tha  inaxpar iancad 
parson  aay  (anarata  a  grid  that  artificially  incraaaai  tha 
atiffnaaa  of  a  aaah  dua  to  alaaant  aalaction  and  boundary 
oonditiona.  In  ordar  to  dataraina  if  thia  problaa  waa 
praaant  in  tha  46°  aaah  and  if  it  waa  dua  to  tha  triangle 
along  tha  boundary,  tha  trianglea  wara  raaovad  aa  ahown  In 
Figure  SO. 
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Figure  60  45^  Mesh  Triangles  Removed 


Aa  ona  would  axpact,  tha  raaulta  ahowad  inaignif leant 
ohanfaa  in  tha  natural  fraquanoiaa  from  tha  320-420  aaah. 
Sinoa  thara  waa  littla  a/fa ct  dua  to  tha  raaoval  of  tha 
triangular  alaaanta,  it  waa  apparant  that  an  analyaia  of  th 

aaah  waa  naadad. 

Tha  firat  atap  waa  to  dataraina  if  tha  STA6SC-1  coda 
waa  oparating  proparly  whan  tha  uaar  waa  daflning  a  grid  in 
tha  input  daok.  To  do  thia,  a  0°  aaah*  aa  in  Pigura  26,  wa 
oraatad  and  antarad  in  STA6SC-1.  Tha  raaulta  of  thia  run 
gava  axact  agraaaant  to  tha  STA6SC-1  ganarauad  aaah. 
Tharafora,  now  thara  wara  only  two  diffarancaa  in  tha  46° 
aaah  froa  tha  0°  aaah.  Tha  firat  waa  tha  triangular 
alaaanta  along  tha  boundary,  tha  aacond  waa  tha 
quadri lataral  alaaanta  that  wara  rotatad  46®.  To  aaa  if 
aithar  of  thaaa  diffarancaa  influanoad  tha  panal  aodal  an 
iaotropic  oaaa  waa  run  on  STAGSC-1  coaparing  tha  46°  and  0° 
aaah.  Surpriaingly ,  thara  waa  a  diffaranca  batwaan  tha  two 
runa  that  aaountad  to  a  10%  diffaranca  in  tha  natural 
fraquanoiaa. 

Baaad  on  thaaa  raaulta,  a  diffarant  grid  daalgn  waa 
davalopad  that  incorporatad  only  tha  410  quadri 1  star* 
alaaanta  and  ainiaizad  oriantation  changaa  around  ♦  ><* 
boundary.  Thia  grid  daaign  ia  shown  in  Figura  •  . 

tha  46°  aaah  waa  aaintainad  In  tha  cantar  p  r  * 
aaah  in  Pigura  61,  again  to  facllitata  * *•  - . 
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Pitfur*  62  Pinal  Maah  410-320  Elaaanta 


Tabla  8  Pinal  Maah  410-320  Elaaanta 


Natural  Praquancy,  Hz 


Moda 

0°  W««h 

460  Maah 

L 

606 

627 

4.0 

2 

624 

867 

6.9 

3 

683 

731 

6.2 

4 

703 

764 

8.0 

5 

770 

803 

4.  1 

With  this  mesh  design,  the  cutout  at  +45°  was  removed. 


The  mesh  with  a  +46°  cutout  is  shown  in  Figure  53.  The 
results  of  the  numerical  and  experimental  analysis  are  shown 
in  Table  9. 
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Figure  53  +45°  Cutout  320-410  Elements 


Tab la  9  +45°  Hash  320-410  Blaaanta 


Natural  Fraquancy,  Hz 

ttOfiL*  STA6SC-1  Exoarlaant  %  Error 
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a 

651 

663 

-1.8 
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Onoa  tha  aaah  waa  proparly  daaignad,  tha  corral atlon 
batwaan  tha  analytioal  and  axpariaantal  raaulta  ara  vary 
good  for  thia  cutout.  A  coapariaon  batwaan  STA6SC-1  and  th 
holograaa  ara  ahown  in  f iguraa  54-58.  Aa  atatad  aarliar, 
aoda  2  and  4  wara  tha  aoat  difficult  to  axeita.  Tha  taak 


waa  baat  aceoapliahad  with  ona  horn.  No  biaaing  or  aoda 
awitching  occurred  for  thia  panal. 


Ones  the  problems  in  modeling  the  penels  were  solved 
the  —45°  penel  enelysis  was  not  difficult  to  accomplish. 
The  mesh  used  in  the  —45°  panel  is  shown  in  Figure  59. 
Table  10  shows  the  comparison  of  the  natural  frequencies 
between  the  STAGSC-1  analysis  and  experimental  results. 
Figures  60-64  compare  the  mode  shapes  from  the  holographic 
results  and  the  STAGSC-1  analysis. 
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Figure  59  -46°  Cutout  320-410  Elements 
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Figure  61  **45°  Panel  Mode  2 


The  effects  of  the  cutout  orientation  can  ba  bast 


shown  graphically  in  Figure  65.  It  is  interesting  to  note 
that  for  the  fundaaantal  frequency  there  appears  to  be  a 
significant  decrease  in  the  natural  frequency  for  the  0® 
cutout.  In  order  to  determine  if  the  dip  in  the  fundamental 
frequency  for  the  0°  outout  was  a  minimum,  other  STA6SC-1 
runs  were  conducted  at  27°  and  14°.  (The  mesh  used  for  these 
cutouts  was  similar  to  the  mesh  used  in  Figures  69  &  59). 

The  27°  cutout  orientation  was  selected  beoause  the  diagonal 
of  the  2x4  rectangle  was  oriented  in  the  vertical  direction 
(along  the  0®  fiber)  and  cut  through  the  greatest  number  of 
900  fibers.  The  hypothesis  for  doing  this  was  that  the  90° 
fiber  provides  the  most  stiffening  properties  to  the  panel 
(there  is  a  46°  component  present  also  from  the  ±46°  fibers) 
since  it  is  a  circumferential  fiber  and  if  the 
circumferential  fibers  are  cut,  there  is  a  larger 
corresponding  reduction  in  the  panel  stiffness.  There  is 
approximately  5%  more  net  circumferential  fiber  removed  in 
the  0°  cutout  than  the  46°  outout.  As  hypothesized,  the  27° 
and  140  cutout  orientations  had  natural  frequencies  that 
followed  the  curves  in  Figure  66,  thereby  supporting  the 
validity  that  the  0°  cutout  orientation  has  the  lowest 


fundamental  natural  frequency. 
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Am  shown  in  Figure  65,  the  STASSC-1  predict ion  was 
consistently  higher  than  tha  axpariaantal  results  for  the 
fundtMntal  frequency  and  the  second  natural  fraquancy ,  as 
axpaotad.  Tha  third  natural  fraquancy  shows  tha 
axpariaantal  rasults  to  ba  lowar  than  tha  analytical  rasults 
for  tha  -45°  and  90°  cutouts.  Tha  othar  cutout  orientations 
ara  tha  opposite  of  this  for  tha  third  node.  For  tha  fourth 
and  fifth  natural  frequencies  tha  axpariaantal  rasults  ware 
consistently  higher  than  what  STABSC-1  predicted.  This 
suggests  that  STASSC-1  is  beginning  to  lose  soae  aoouraoy  at 
tha  higher  natural  fraquanoias.  This  was  probably  due  to  a 
coabinatlon  of  faots,  tha  panel  was  nodal led  using  flat 
alaaants,  tha  shape  functions  ware  not  of  high  enough  order, 
and  tha  aash  size  was  not  fine  enough. 

It  is  interesting  to  note  that  tha  axpariaantal 
rasults  for  tha  +45°  outout  iaply  that  for  tha  first  two 
natural  fraquanoias,  tha  ♦45°  panel  was  stlffar  than  tha 
*-45°  panel.  This  is  exactly  tha  opposite  of  what  STASSC-1 
predioted.  This  is  probably  due  to  tha  fact  that  tha  test 
fixture  did  not  provide  perfeot  claaped-c leaped  boundary 
conditions  as  would  STASSC-1.  Additionally,  slight 
variations  in  tha  penal  thickness  (Figures  11-15)  could 
causa  tha  axpariaantal  rasults  to  vary  froa  tha  nuaarlcal 
rasults.  Also,  tha  nuaarlcal  rasults  for  tha  -46°  cutout 
ware  probably  influenced  by  tha  aash  design  for  that  cutout. 
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Although  the  mh  for  the  -45°  cutout  la  th«  mirror  image  of 
the  mesh  for  the  -*-46°  cutout,  the  results  are  not  symmetric 
mm  shown  in  Figure  66.  This  im  duo  to  the  fact  that  thm 
■►460  outout  outs  through  m  larger  number  of  -46°  fibers  than 
-►460  fibare.  (The  -46°  outout  cute  through  a  larger  number 
of  -+46°  fibers).  The  -46°  fibers  are  the  outer-most  46° 
fibers,  thereby  having  a  larger  influence  on  the  panel 
stiffness  because  of  there  distance  from  the  midsurface.  If 
this  is  a  true  statement,  then  if  the  ply  layup  is  changed 
so  that  the  +46°  fiber  is  the  outer  most  fiber,  then  the 
results  would  be  as  if  the  outout  orientation  has  ohangad  to 
the  mirror  position  (-Me0  to  -48°).  To  support  this 
hypothesis,  the  ply  layup  was  changed  for  the  -270  outout. 
The  STA6SC-1  results  gave  the  same  natural  frequencies  as 
the  +270  outout. 

The  results  shown  in  Figure  88  would  be  quite  valuable 
for  a  designer.  If  the  designer  was  designing  a  shell  with 
a  outout  and  the  shell  was  operating  near  460  Hz,  the 
designer  would  not  want  to  orient  the  cutout  at  0°  since 
that  is  very  olose  to  the  fundamental  frequency  for  that 
orientation. 

In  general,  for  the  2x4  cutout  at  any  orientation 
there  is  no  mode  switching.  Although  for  the  90°  cutout  a 
node  switch  was  observed  experimentally  for  the  fundamental 
and  second  natural  frequency,  this  was  probably  an  isolated 
oese  and  only  a  property  of  that  particular  panel.  Walley 
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C3]  did  observe  this  phenomena  for  the  largo  cutout.  As  a 
raault  of  his  obssrvations  and  ths  experimental  rasults 
hoi's,  on  analytical  study  using  STAGSC-1  was  conductod  to 
determine  what  oritiool  dimension  would  couso  tho  modes  to 
switoh  from  antisymmetric  to  symmatric  end  vice  verse.  The 
results  ere  summarized  in  Figures  66-69.  The  cutout 
orientations  were  not  varied.  The  outout  sizes  ranged  from 
lxl  to  1x6,  2x2  to  2x5,  3x3  to  3x5,  4x4  to  5x5  inch.  As 
shown  in  Figure  66,  the  one  inch  high  rectangles  have  very 
little  of foot  on  the  first  two  modes.  The  higher  modes  show 
e  sharp  drop  in  frequency  once  the  cutout  is  larger  then  1x3 
inoh.  In  Figure  67,  the  seme  oomments  hold  once  the  cutout 
is  larger  than  2x3  inoh.  For  Figures  66  end  67  no  mode 
switohing  occured  between  the  first  two  natural  frequencies. 
The  first  outout  to  exhibit  e  node  switoh  was  the  3x4  inoh 
cutout.  Every  outout  larger  then  this  exhibited  mode 
switching.  The  critical  dimension  appears  to  be  the 
oirounferentlel  dimension.  In  Figure  68,  the  equivalent 
stiffness  for  the  panel  was  determined  by  assuming  the  panel 
was  e  one  DOF  spring-mess  system.  The  mass  of  the  cutout 
was  determined  and  subtracted  from  the  total  mass  of  the 
panel.  In  Figure  68,  the  3x5  inch  cutout  represents  a  local 
maximum  in  the  equivalent  stiffness  and  also  when  the  first 
node  switch  would  occur  for  this  particular  set  of  data.  As 
the  cutout  size  increases,  the  equivalent  stiffness 


dec 


In  order  to  define  ee  oloee  ae  poeeible  when  the  node 


ewitch  will  occur  for  a  given  dimension,  STAGSC-1  output  wae 
generated  for  outoute  in  diaeneional  increments  of  0.33  inch 
neer  the  region  of  the  mode  switch.  In  Figure  69,  the 
region  where  the  mode  switch  is  occuring  is  evident  and 
shows  its  dependenoe  on  the  cutout  width  and  height.  It  is 
interesting  to  note  that  the  2x4  outout  is  bordering  the 
mode  switch  region.  This  faot,  coupled  with  the  slight 
thickness  variations  present  in  the  panel,  could  explain  why 
a  mode  switch  ooourred  in  the  90°  panel. 

In  summery,  the  outout  orientation  does  affect  the 
netural  frequenoy  of  the  penel  and  mode  switching  appears  to 
be  a  function  of  the  cutout  dimensions  and  not  the 
orientations.  Based  on  these  observations,  conclusions  are 
presented  in  the  following  seotion. 
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In  auaiary,  thin  study  investigated  the  effects  of 


without  en  out-of-plane  rotetion  as  a  DOF  give  less  aoourate 
results. 


3.  STAGSC-1  artificially  stiffens  the  aodel  when  a 


4.  Cutout  orientation  doaa  hava  an  effect  on  panel 
stiffness  and  ahould  be  a  design  conaidaratlon  for  certain 
orientation*.  The  0°  cutout  orientation  had  the  largest 
effect  on  the  fundamental  frequency  for  the  cutout  sizes 
Investigated  here. 

8.  Mode  switching  is  a  function  of  the  cutout  height  and 
width  and  is  not  a  function  of  cutout  orientation  for  the 
2x4  outout. 

6.  Ply  layup  will  Induce  biasing  for  oertain  mode  shapes  of 
the  solid  panel.  Any  2x4  inch  cutout  seems  to  reduce  this 
dependence. 


1.  A  thorough  investigation  should  ba  conducted  into  the 
effeets  of  eleaent  orientation  on  the  model  stiffness  in 
STAGSC-1. 

2.  Extend  this  study  to  determine  the  effects  of  randomly 
sized  cutouts  at  different  orientations.  This  would  then 
leed  into  a  study  on  the  effects  of  damaged  composites  that 
have  been  repaired. 

3.  Different  ply  layups  (to  inolude  both  symmetric  and  non- 
symmetric  layups)  and  different  boundary  conditions  would 
help  to  build  a  higher  oonfidence  in  the  oode. 

4.  The  flat  rod  inserts*  located  in  the  vertioal  portion  of 
the  olamping  fixture,  should  be  maohined  to  the  proper 
radius  to  provide  better  damped  boundary  conditions  for  the 
panel.  The  ourrent  configuration  flattens  the  radius  of 
ourvature  of  the  panel  slightly  (<0.01  inch)  at  the  clamped 
surface. 
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The  following  in  the  curing  cycle  steps  used  in  the 
senufeoture  of  the  Qraphite-Epoxy  Penels.  This  cycle  wes 
lest  revised  on  11  Deoesber  1984  end  is  still  currently  in 
use  et  the  Flight  Dynesics  Leboretory.  Figure  A-l  shows  the 
ouring  oyole  tempereture  vs  curing  tine. 

The  steps  in  the  ouring  oyole  eret 

1.  Apply  full  veeuus  to  beg.  28  in  Hg  per  ainute  end 
inereese  eir  pressure  to  88  psi. 

2.  Heet  eir  to  240  F  in  30±6  ainutes  using  90  kW  heaters. 

3.  Hold  pert  et  240*8  F  for  60  ainutes  under  88  psi  and  full 
veouua. 

4.  Increase  pressure  to  100  psi  end  vent  vacuus. 

8.  Heet  eir  to  380  F  in  30*6  ainutes  using  the  90  kW 

heaters. 

8.  Hold  pert  et  380*6  F  and  100  psi  for  120  ainutes. 


7.  Apply  full  cooling  water  end  cool  part  below  150  F  in 


VAX  11—875  Control  Dock 


t 

t  ST ASS. COM  ( Execute  STAGS 1  end  STAGS2 ) 

t 

ensign  ieotrop.inp  forOOS 
ensign  leotrop.OUT  forOOS 
t 

run  ategatdirt ategal. exe 
run  atega8dirtatsgs2.exe 

! 

!  End  STAGS. COM 

t 


Cyber  Control  Deck  for  STAGSC-1  Plot 


/JOB 

CYR,P1. 

/USER 
CHARGE, *. 

SETTL( * ) . 

GET, STAPRUN , STAPLIB/UN-D8200GO. 
ATTACH , CCLIB38/UN-LIBRARY . 
LIBRARY. STAPLIB, CCLIB38. 

GET, CYRPL0T/UM-D820090. 

SRBAD, TAPE21 , 8CYR14PL0TT218. 
SRBAD, TAPE22, #CYR14PL0TT22t. 

R PL, 153000. 

REDUCE,-. 

STAPRUN, CYRPLOT. 

REWIND, TAPE47. 

ROUTE, TAPB47, DC-PU, UN-AF, UJN-CYR. 
EXIT. 

REWIND, TAPE47. 

ROUTE, TAPB47, DC»PU, UN-AF, UJN-CYR. 
/EOR 

END  OP  FILE 


STAGSC-1  Sanaratad  Grid  Input  Dack 


CASE  — 2X4  CUTOUT  at  90  Dagraaa 

2|l|X|0|0t0|0f0|0 
1.0,0 
l.o, 1,0 
1 

1,0,7000,1 
5, 0,0,0 
25, 25 
1.0 

18. S4E06, .021813, .9099E06, .055, .0218216,1. 

1.1.8 

1 . .  005 . 0 . . 0 

1. . 005.45.0.0 

1. . 006,-45.0,0 

1. . 005.90.  ,0 

1. . 006.90.0 

1. . 005,-46.0,0 

1. . 006.46.0.0 

1. . 006.0.0.0 
5,0 

0.0,12.0,-28.848,28.648,12.0 

1.0 

410,0,0,1,0,0,0 

11,16,9,17 


#B1 

6B2 

•B3 

•Cl 

•D2 

#03 

•FI 

#11 

468E06, 15. 2  #12 

#K1 
#K2 
#K2 
#K2 
#K2 
•K2 
#K2 
#K2 
#K2 
•Ml 
•M2 
#H5 
•Ml 
#N8 


Uaar  Canaratad  Grid  Input  Dack 


CASE - SQUARE  SRID  WITH  TRIS  -30  CUTOUT 

2, 1 1 lt0|0|0| 0) 0| 0 
0,1,0 
1.0, 1.0 
1 

1,0,7000,1 

5, 0,0,0 

646,0,0,40,528,0,0 

1.0 

18. 84E06, .021813, .9099E06, .056, .0216216, 1.468E06, 15.2 

1,1.8 

1,0.006,0.0,0 

1,0.005,-46.0,0 

1,0.006,45.0,0 

1,0.005,00.0,0 

1,0.006,00.0,0 

1,0.006,46.0,0 

1,0.006,-46.0,0 

1,0.006,0.0,0 

1 ,0,0,0, 12. 0000,-6. 7531, 10. 6310,000, 000,0 
2,0,0,0,12.0000,-6.3094,10.7618,000,000,0 
3,0,0,0,12.0000,-4.8666,10.9733,000,000,0 

« 

« 

Do  thla  for  646  nodal  coordlnataa. 

« 

* 

187.186.626.320.1, -90.0,0,1,0 

188. 189. 626. 320. 1 ,  -90. 0, 0, 1 , 0 
627,626,189,320,1,30.0,0,1,0 

* 

* 

Do  thla  for  40  trlancular  alaaanta. 
a 
* 

1.2.27.26.410.1, -90.0,0,1,0,0 

2.3.28.27.410.1, -90.0,0,1,0,0 

3.4.29.28.410.1, -90.0,0,1,0,0 

* 

* 

Do  thla  for  628  quadrl lataral  alaaanta. 

« 

« 

0,0,0 

1 


•B1 
•B2 
•B3 
•Cl 
•D2 
•D3 
•HI 
•II 
•  12 
•K1 
•K2 
•K2 
•K2 
•K2 
•K2 
•K2 
•K2 
•K2 
•SI 
•SI 
•SI 


•T3 

•T3 

•T3 


•T4 

•T4 

•T4 


•U1 

•VI 
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Holographies  techniques  vary  slightly  with  tha  satup  in 
um.  Thssa  instructions  will  provide  a  step  by  atap 
procedure  for  taking  a  hologram  for  this  particular 
configuration.  Hopeful ly,  pitfalls  can  be  avoided  with 
these  instructions.  Prior  to  beginning,  mount  the  panel  in 
the  mounting  fixture  and  tighten  all  alien  screws  to  3  foot¬ 
pounds  and  bolt  the  mount  to  the  table  as  indicated  in 
Figure  28. 


1.  CAUTIQMi  Do  not  use  the  laser  until  you  have  had  a 
laser  eye  exam  and  have  been  checked  out  on  its  basic 
operations. 

2.  Clean  all  mirrors  and  lenses  to  ensure  they  are  free  of 
dust  and  dirt.  Optical  quality  mirrors  and  lenses  need  to 
be  treated  with  extreme  care  while  cleaning  and  should  not 
be  rubbed  with  a  lense  tissue.  Acetone  or  slmiliar  cleaning 
fluid  should  be  dripped  lightly  onto  the  mirror  and  brushed - 


gently  with  lense  tissue  to  absorb  the  fluid  and  dust. 


3.  Turn  on  Spectre-Physics  261  RF/DC  Exciter.  The  laser 
requires  15-30  slnutes  for  waraup.  DO  NOT  adjust  the 
controls  during  this  tlse  period,  this  will  prevent  any 
unnecessary  nisei ignaent  of  the  laser. 

4.  Turn  on  NRC  800  Universal  Shutter  System. 

5.  Set  NRC  800  to  manual  and  trigger.  This  will  keep  the 
electric  shutter  in  the  open  position  for  the  following 
alignments, 

6.  Piece  the  Spectre-Physics  401C  Power  Meter  Sensor  in  the 
been  path.  Set  the  sensitivity  scale  to  100  aW.  The 
indicated  power  level  should  be  50+  aW.  If  the  power  level 
is  lower  then  50  aW,  oleening  and/or  alignaent  of  the  laser 
is  necessary.  See  operations  aenuel  for  the  laser  and  have 
e  qualified  technician  assist  during  the  first 
allgnaent/cleening  session. 

7.  Remove  the  401C  froa  the  beaa  path. 

8.  With  the  proper  power  level,  the  light  intensity  will 
be  determined  for  the  object  and  the  reference  beans,  such 
that  the  reference  beaa  has  twice  the  Intensity  of  the 
object  been.  With  a  high  quality,  high  resolution  light 


aeter,  measure  the  reflectivity  of  panel  surface  and  note 


tha  nuabar.  (Tha  panal  should  ba  fully  illuminated,  if  not 
adjust  diffuser).  With  tha  object  baaa  fully  blocked, 
position  tha  light  aatar  at  tha  position  of  tha  photographic 
Plata  holdar  and  aaasura  tha  light  level.  Tha  light  laval 
at  tha  plata  holdar  should  ba  roughly  twica  the  light  laval 
at  tha  panal.  If  not,  adjust  tha  baaa  intensity  laval  by 
rotating  tha  baas  splitter  lansa.  Repeat  aeasuraaents. 

Onoa  tha  2s 1  ratio  is  obtained,  note  tha  degree  number  on 
tha  baas  spl ittar . ( Use  a  convianant  rafaranca  point  on  the 
baas  splitter  aount  to  obtain  nuabar.)  This  setting  will  ba 
used  for  tha  hoi ogress. 

9.  Tha  exposure  tiaa  Bust  ba  datarainad  for  tha  holographic 
plates.  Tha  exposure  tiaa  is  a  direct  function  of  tha 
reflectivity  of  the  panal,  therefore  tha  exposure  tiaa  can 
change  from  panal  to  panal.  Obtain  and  clean  tha  exposure 
plata.  Tha  exposure  plata  is  aountad  on  tha  panal  side  of 
tha  plata  mounting  fixture.  Sat  tha  NRC  800  to  auto  and 
select  a  shutter  tiaa  such  as  120  as.  Turn  lights  off. 
Raaova  an  unexposed  photgraphic  plata  froa  tha  film  box  and 
aount  to  tha  backside  of  tha  plata  holdar  with  tha  chemical 
side  of  tha  film  facing  tha  panal.  (Tha  chemical  side  can 
ba  datarainad  by  moistening  tha  finger  slightly  and  gently 
touching  a  corner  of  one  side  of  tha  plata.  Tha  chemical 


will  feel  sticky  to  tha  touch.)  Trigger  tha  shutter. 

Raaova  tha  film  plata  and  aount  in  a  portable  metal  holdar. 


Follow  steps  10-14.  Remove  the  exposure  plate  and  set  aside. 
Observe  hoi ogres  and  note  the  exposure  numbers  present  on 
the  hologram  they  will  range  from  BX  to  100X.  These  numbers 
represent  the  amount  of  light  transmitted  through  the  plate. 
Select  a  number  such  as  40X  if  there  is  not  good  contrast 
then  adjust  the  exposure  time  on  the  shutter  and  repeat 
these  steps  as  neoessary  until  the  proper  exposure  time  is 
obtained. 

10.  Develop  in  the  developer  for  five  minutes.  This  time 
oan  vary  slightly  with  the  age  of  the  developing  solution. 

11.  Insert  into  rapid  fixer  for  two  minutes.  Light  may  be 
turned  on  after  1  1/2  minutes. 

12.  Rinse  and  allow  to  dry  slightly  (about  3  minutes). 

13.  While  the  plate  is  drying,  set  the  shutter  to  manual 
and  trigger.  Rotate  the  beam  splitter  until  the  bean  is 
blocked  and  most  of  it  follows  the  reference  beam  path. 

Mount  the  black  observation  board  over  the  panel  fixture. 

14.  Mount  the  dried  plate  in  the  film  holder  and  turn  off 
the  light.  Observe  hologram.  If  the  hologram  appears 
distorted  remove  plate  and  remount  it,  chances  are  the  plate 
was  inserted  backwards  or  upside  down. 
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will  ba  uiad  to  find  tha  natural  fraquanciaa  of  tha  panal  by 
allowing:  you  to  viaually  obaarva  tha  aoda  ahapaa.  Onca 


atapa  10-14  ara  coaplatad,  raaova  tha  black  obaarvation 
board  and  aat  tha  baaa  aplittar  baok  to  tha  original  angla 
notad  aarliar.  Obaarva  tha  hologram.  Thara  ahould  ba 
fringa  linaa  praaant  in  tha  holograa.  Tha  fawar  and  broadar 
tha  fringa  linaa  tha  battar  ainca  a  larga  nuabar  of  fringa 
linaa  will  ba  loat  whan  tha  panal  ia  axcitad.  Turn  on  tha 
aignal  ganarator  at  a  low  aaplituda  and  turn  on  tha  horn 
aaplifiar  an  fraquancy  oountar.  Adjuat  tha  fraquancy  a lowly 
whila  obaarving  tha  holograa.  Aa  tha  natural  fraquancy  of 
tha  panal  ia  raachad  tha  aoda  ahapaa  will  auddanly  appaar. 
Nota  tha  fraquanoy  and  continua  aoanning  until  all  natural 
fraquanciaa  daairad  ara  raaohad. 

16.  Holograaa  ara  takan  rapaating  tha  baaio  procaduraa  in 
atap  0  and  following  tha  davaloping  atapa  10-14.  Rapaat  aa 

nacaaaary . 

17.  Notat  tha  atill  will  probably  only  giva  good  fringa 
linaa  for  about  46  ainutaa  baoauaa  of  changaa  in  tha  rooa 


anvironaantal  conditiona. 
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Appendix  D 


CERTIFICATE  OF  ANALYSIS 


toner:  Beta  Industries 

chase  Ore  :  No:  19568 

Graphite  Fiber/ Epoxy  Material,  AS4/3501-6 
BIW-1002,  Rev.  NC  with  Hercules  Comments. 
501.00  lbs. 

3777-2 

Manufactured:  12  November  1985 
See  Section  Y 
422 

Manufactured  by  Hercules  Inc. 

70Q-4A 

Manufactured  by  Hercules  Inc. 


Fiber  l 

jperties 

Spec  Rep 

FLA  Ter 

.le  Str.,  kai** 

325  n* Hwim 

FLA  Tec 

.la  Mod. ,  mai** 

30  -  35 

Density 

gm/cc 

1.80  nominal 

**  Data 

lormalized  to  100Z 

Fiber  Yolume. 

Prepre* 

Physical  Properties 

Spec  Rep 

Spool  l 

, 

Flow,  S 

50* F,  90  pai,  Z 

16  -  30 

Volatil 

i,  S325*F.  Z 

1.0  maximum 

erlal: 
clflcatlc  : 
ntity: 

No: 

ol  No: 

Ln  Lot  Nc 

cr  Lot  Nc 


Hercules  Aerospace  Company 
Aerospace  Products  Group 
Bacchus  Works 
Magna.  Utah  84044-0098 
(801)  250-5911 

30  November  1985 


12"  Prepreg  Tape 


Lot  Average 

539 

33 

1.79 


Ave  ra  ge / Individual 

16/16,16,16 

0.8/0. 9, 0.8, 0.8 


Lamina t  Mechanical  Properties 


Spec  Re< 


Panel  No 


Ave rage /Individual 


HERCULES 


CIFICATE  OF  ANALYSIS 
No:  3777-2 
s  2 


Panel  physical  Properties 


Spool  No. /Panel  No. 

Density,  gm/cc 
Void  Content,  Z 
Fiber  Volume,  Z 
Ply  Thickness,  Inches 

Spool  No. /Panel  No. 

Density,  gm/cc  I 

Void  Content,  Z  2 

Fiber  Volume,  Z  1 

Ply  Thickness ,  Inches  ( 

Individual  Spool  Physical  Properties 


Spec  Fee 


Report 
2.0  maylmuffl 
59  -  65 
0.0048-0.0056 


Report 
2.0  maximum 
59  -  65 
0.0048-0.0056 


Ave  rage / Individual 
1/3^708 

1.59/1.58,1.61,1.59 
1.1/1. 7, 0.5, 1.2 
65/64,65,65 
0.0050 

1/38709 

1.59/1.59,1.59,1.58 
1. 6/1.5, 1.6, 1.6 
65/65,65,64 
0.0049 


Spec  Req  (avg) 
Spool  No. 

2 

3 

4 
6 

7 

8 
9 

10 

11 

12 

13 


Resin  Content,! 
32-38 

Ave  rage /Individual 

35/35,35,35 

36/35,38,34 

36/37,35,36 

36/34,37,37 

34/32,35,36 

35/34,35,36 

35/33,36,36 

36/34,36,38 

35/34,35,35 

34/32,35,35 

36/34,36,37 


Fiber  Areal  Wt.,gm/m 
*  138  -  150 
Average  /-Individual 
148/147,151,145 
146/149,141,147 
146/145,148,146 
147/150,146,145 
146/150,143,144 
146/149,148,142 
147/150,146,144 
148/150,148,146 
147/148,147,145 
147/151,146,145 
148/150,147,146 


J.  A.  Rasmussen,  Plant  3 
QUALITY  CONTROL 


Apptndlx  E 


The  following  in  a  lint  of  the  equipment  used  to 
conduct  the  experimentation. 


Frequency  Generator 
Frequency  Counter 
Audio  Amplifier 
Light  Oiepleceeent  Meter 

Oeoi 1 1 iecope 
HeNe  Leeer  80eW 
Horne 

Aeeorted  Option 1  Mirrors 
Kodak  Holographic  Plates 


HP  Model  3310B 
HP  Model  5316A 
Bogen  Model  HTA125 
Mechanical  Technology 
KD320 

Tektronix  7803 

Spectre  Physics  Model  125 

Atlas  Sound  80  Watt 


•  *« * 
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